INTRODUCTION
It has been suspected for nearly 40 years that the kidneys are affected by exposure to silica particles. There are case reports of an association between silica exposure and various forms of kidney disease.
Silica exposure has been associated with focal glomerulonephritis, proliferative glomerulonephritis, Goodpasture syndrome, crescentic glomerulonephritis, immunoglobulin A nephropathy, polyarteritis nodosa, and Wegener's granulomatosis. [1] The mechanism by which silica damages the renal system may be either through direct (silica particles in the kidney) or indirect toxicity that can activate the immune system and can lead to glomerular damage. [2] Currently, there are no data available about the kidney function of silicosis patients in Turkey. Hence, this study was designed to fill this gap in the understanding of renal function in patients with silica nephropathy and to determine the effect on 3-year mortality in Turkey.
MATERIAL AND METHODS
This was a retrospective cohort study. The records of all of the silicosis patients diagnosed at Istanbul Occupational Disease Hospital between March 1, 2011 and May 31, 2011 were assessed. All of the patients had a chest X-ray, and high-resolution computed tomography was performed as needed. All of the cases were classified according to the International Labour Organization (ILO) classification system (revised 2000) . [3] Respiratory function tests were performed in order to measure pulmonary function.
Urine and blood samples were obtained. Hemogram results and those of routine biochemical tests, including blood urea nitrogen (BUN), creatinine, and serum calcium level, were evaluated. Urinalysis was performed to detect the presence of protein, erythrocytes (3 or more), leukocytes (6 or more), calcium oxalate crystals, cylinders, etc.
The primary outcome was the urinary pathology, and the secondary outcome was mortality in 3 years. 
RESULTS
In the aforementioned period, 184 silicosis patients (male: n=183) were diagnosed. They were demographically and radiologically evaluated, and renal function was assessed.
The average age of the patients was 34.03±9.5 years (minmax: 20-72 years).
As seen in Table 1 , the most common occupations associated with silica nephropathy were denim sandblasters (83.2%), followed by dental technicians (5.4%), glass sandblasters (2.7%), stone cutters (1.6%), and coal miners (1.6%).
The average length of silica exposure was 5.68±6.13 years (min-max: 0.25-38 years). Smoking history revealed that 37.7% of the patients had never smoked, 23.4% had quit smoking, and 38.4% were still smoking. The average number of pack-years was 7.49±8.2.
Results of pulmonary function tests performed revealed 31.5% restrictive and 22.1 % obstructive pathologies.
Radiological studies using the ILO classification system showed that 49.2% of the patients were in category 3, 39.9% in category 2, 10.9% in category 1, and 67.8% of the patients showed no large area of opacity.
No concurrent diseases were seen in 156 (84.7%) of the patients. Nine patients presented with chronic obstructive pulmonary disease and 4 presented with asthma as well. None of the patients had a previously known renal disorder.
The average hemoglobin level of the patients studied was 14.86±1.3 g/dL (min-max: 11.4-19 g/dL), while the average creatinine level was 0.87±0.1 mg/dL (min-max: 0.57-1.12 mg/dL) and the average BUN was 31.32±7.2 mg/dL (minmax:16-45 mg/dL). The mean blood calcium level was 9.43±0.7 mg/dL (min-max: 8-15 mg/dL).
The urinalysis results of 119 patients indicated that 36 (30%) were abnormal. Erythrocytes were observed in the urine in 4.2% of the cases and 5% revealed leukocytes. In all, 13.4% of the cases were positive for the presence of calcium oxalate crystals. The urine analysis of 1 patient sample (0.8%) revealed urate crystals and 1 other (0.8%) revealed cylinders. None of the urinalysis results revealed protein.
The most frequently observed occupations of patients with calcium oxalate in the urine were denim sandblasting and glass sandblasting (12.8% and 66%, respectively). None of the dental technicians had calcium oxalate in the urine test. There were no significant differences between occupation groups in the urine analysis test results (p=0.399).
No correlation was determined between radiological profusion and the urine analysis results.
As a secondary result, the 3-year mortality as of May 2014 according to the national death records was researched, and it was determined that 6 (3%) patients were deceased. Two of those were coal miners and 4 were sandblasters. There was no relationship found between urine abnormality and death rate, as only 1 of the patients with an abnormal urine result was determined to have died. The mean age of the deceased patients was 43.28 years. Half had stage 3 profusion or greater. Three had a tuberculosis history.
DISCUSSION
Silicosis causes urine abnormality; however, the mortality of silicosis patients does not increase according to this abnormality. In this study, 36 patients (30%) presented with pathology in the urine analysis and 6 (3%) were dead after 3 years, only 1 of whom had an abnormal urinalysis result.
There are several case studies and mortality studies related to silica exposure and renal functional disorders. Saldanha et al. [4] were the first to write about a case with albuminuria and high blood pressure along with industrial silicone exposure, describing silicone in renal tissue and modification of the proximal tubules. An epidemiological study was performed by Calvert et al. [5] investigating gold miners' silicosis and end-stage renal diseases. Steenland et al. [6] reported that occupational silica exposure increased the risk of end-stage renal disorder 14%. MacDonald et al. [7] conducted a mortality study and showed that quartz exposure in North American industrial sandblasting workers increased mortality due to lung cancer, but not due to chronic renal disorders or renal cancer. Olsen et al. [8] also researched the mortality of silica-exposed workers at 4 plants and demonstrated that 16 workers (2%) had died as a result of nonmalignant renal disease among 772 total deaths. In the same study, 50 deaths (6%) were attributed to nonmalignant respiratory system disease, and a total of 77 (1%) lung cancer deaths. In our study, we found that an abnormality in the urine analysis did not correlate with increased death over a 3-year period.
Rosenman et al. [9] studied 583 cases of silicosis in a cohort study. They reported that 10% of the cases were suspected of having a chronic renal disorder according to their history and the laboratory work indicated that 33% of the patients had a serum creatinine level of >1.5 mg/ dL. There was no relationship between the duration of silica exposure and the prevalence of kidney disease or elevated creatinine. Vupputuri et al. [10] also found a positive relationship between occupational silica exposure and chronic kidney disease. A dose-response trend of increasing chronic kidney disease with increasing silica exposure was also observed in the same study, especially in nonwhites. In our study, we found no association between radiological profusion or the existence of opacity and the results of urinalysis.
There are no reports in the medical literature indicating which types of job increase kidney pathology in silicosis patients. In our study, we observed that calcium oxalate was frequently seen in denim sandblasting workers and glass sandblasting workers, while there were no instances among dental technicians. We suggest that new studies concerning the characteristics of the silica particles be performed to ascertain the effects on the kidneys. Furthermore, we suggest that more significance must be given to the kidney function of the denim and glass sandblasters.
The main limitation of this study is that we were not able to get the urinary sample results of all of the patients. As this is a single-center study, multicenter cohort studies should be conducted.
CONCLUSION
A urinary evaluation of patients who are exposed to silica should not be neglected. The exposure to silica is related to urinary pathologies. Though calcium oxalate was seen in the urine analysis of 66% of the glass sandblasting workers, the results of this study must be compared with others, since the power of this study is low. Although the 3-year mortality was not affected by urinary pathology in these silicotic patients, we believe that in the long-run, nephropathy may lead to premature death, particularly in denim sandblasters and glass sandblasters.
Acknowledgment
This study was orally presented at the 33 rd National Congress of the Turkish Respiratory Society on October 17, 2011 in Cesme, Turkey.
Ethics Committee Approval
Approved by Yeditepe University Faculty of Medicine Clinical Research Assessment Committee (date: June 14, 2011; no.: 110).
Informed Consent
Retrospective study.
Peer-review
Internally peer-reviewed. 
Authorship Contributions

Concept
